The dynamical behavior of fluids affected by the asymmetric gravity gradient acceleration has been investigated.
gradient acceleration
has been investigated.
In particular, the effects of surface tension on partially filled rotating fluids applicable to a full-scale Gravity Probe-B Spacecraft dewar tank with and without baffles are studied. Results of slosh wave excitation along the liquid-vapor interface induced by gravity gradient acceleration indicate that the gravity gradient acceleration is equivalent to the combined effect of a twisting force and a torsional moment acting on the spacecraft. The results are clearly seen from one-up one-down and one-down one-up oscillations in the crosssection profiles of two bubbles in the vertical (r, z)-plane of the rotating dewar, and from the eccentric contour of the bubble rotating around the axis of the dewar in a horizontal (r, 0)-plane. As the viscous force, between liquid and solid interface, greatly contributes to the damping of slosh wave excitation, a rotating dewar with baffles provides more areas of liquid-solid interface than that of a rotating dewar without baffles. Results show that the damping effect provided by the baffles reduces the amplitude of slosh wave excitation and lowers the degree of asymmetry in liquid-vapor distribution. Fluctuations of angular momentum and fluid moment caused by the slosh wave excited by gravity gradient acceleration with and without baffle boards are also investigated. It is also shown that the damping effect provided by the baffles greatly reduces the amplitudes of angular momentum and fluid moment fluctuations.
PACS 04.80 -Experimental tests of general relativity and observations of gravitational radiation. PACS 47.20.Dr -Surface-tension-driven instability. PACS 47.30 -Flows with body forces (e.g., rotating flows, buoyant flows). 
In the computation of fluid forces, moment, viscous stress and angular momentum acting on the container wall of the spacecraft, one has to consider the velocity in the inertial frame rather than in the non-inertial frame. In this particular case, one has to transform these vectors fl'om the non-inertial frame to the inertial fi'ame of the spinning motion in the z-axis.
(°) k/ For the GP-B Spacecraft, as an example, which is an Earth satellite orbiting at 650 km altitude directly over the poles, the orbit period, v0 can be computed from the following expression [1, 9] :
where R E denotes the radius of the Earth ( = 6373 km); R,. the radius of the circular orbit (=RE+h=7023 km); h the orbit altitude (=650km); and go the Earth gravity acceleration (= 9.81 m/s2). The orbital period is Vo = 97.6 min, and the orbital rate is n = 2Z/Vo = 1.07.10-'_rad/s.
The gravity
gradient acceleration (_gg acting on the fluid mass of the spacecraft can be shown to bell0,11,13] (8)
where d is the vector (not a unit vector) from the fluid element to the spacecraft mass center; _c a unit vector from the spacecraft mass center to the center of the Earth; and n the orbit rate.
For the GP-B Spacecraft, as an example, it is assumed that the gravity gradient exerted on the mass center of the spacecraft orbiting around the Earth is zero [1]. In order words, all the gravity acceleration exerted on the fluid elements in the dewar is nothing but the gravity gradient acceleration which is defined in eq. (8) [1, [9] [10] [11] . In this study, we are interested in investigating how the gravity gradient acceleration affects the dynamical behaviors of the cryogenic fluid elements of helium. acting on the spacecraft, when it is orbiting around the Earth. It is shown in fig. 5 and 6 that the deformation of the bubble is created by an asymmetric torsional moment with a twisting force. Figure  5 shows 
